Summary Thirty-eight unrelated Japanese patients with Duchenne and Becker muscular dystrophy (DMD and BMD) have been investigated with the DMD eDNA probes. The 14-kb DMD eDNA was subdivided into 6 subclones and HindlIl-digested DNAs were analyzed by Southern blotting. Out of 38 unrelated patients, 14 showed a deletion of one or several of the exon-containing HindlII fragments (36.8 ~). These corresponded to 50 ~o (9/18) of BMD patients and 25 ~ (5/20) of DMD patients, and the position and extent of deletions were mapped and proved to be more heterogeneous in DMD than in BMD. Both ends of deletions detected in probe 1-2a were common to all six BMD patients without the maintenance of reading frame of messenger RNA, and 5' ends of deletions in probe 5b-7 were also common but maintained in frame in three BMD patients. The phenotypic-specific deletion in Japanese BMD patients has existed in the 5' end of the DMD gene, although its apparently similar deletion produced a wide range of clinical courses (BMD phenotype). There was no tight correlation between clinical severity and presence or absence of deletion in DMD or BMD.
INTRODUCTION
Duchenne muscular dystrophy (DMD) is a severe X-linked recessive disease affecting approximately 1 in 3,500 males. Affected males are generally wheelchairbound by the age of 12 and die in their teens. Becker muscular dystrophy (BMD) is a less frequent, milder form with a much longer life span. And it is known BMD is allelic to DMD.
Recently the full-length 14-kb DMD cDNA has been cloned and was completely sequenced by Koenig et al. (1987) . The gene product, called dystrophin, was shown to be missing in DMD muscle. On the other hand, dystrophin was shown to be present in BMD muscle (Hoffman et aL, 1988) . With the cDNA probes, Koenig et al. (1987) detected deletions of HindlII-digested DNAs in more than 50 ~ of DMD patients. And there have been many reports as for DNA deletions of Caucasian DMD and BMD patients, and no simple correlation between the deletion size or location and the clinical severity of the disease has been observed (Malhotra et al., 1988; Hart et al., 1989; Lindl6f et al., 1989; Baumbach et al., 1989) . One possible explanation for phenotypic difference in BMD and DMD has been reported to depend on whether or not the translational reading frame is maintained and some functional protein is produced (Monaco et al., 1988; Forrest et al., 1988) , and this theory was proved to be true of 92~ of Caucasian DMD and BMD patients (Koenig et al., 1989) . But in some BMD patients, the deletions disrupted the translational reading frame, indicating that other factors, which compensate for the frame-shift mutation should exist (Malhotra et al., 1988; Baumbach et aL, 1989) . Sugino et al. (1989) reported that DNA deletions were detected in 43~o of Japanese DMD patients, and deletion hot spots were also located in the proximal region and the central region of the gene.
To obtain further information on intragenic deletions in Japanese DMD and BMD patients, and to gain an understanding of the relationship between deletions and clinical features, we have studied 38 unrelated DMD and BMD patients by using Southern blot analysis. We discuss here frame shift deletions in patients with DMD and BMD.
SUBJECTS AND METHODS
Subjects. Blood was obtained from 38 unrelated Japanese BMD and DMD males. The probands were diagnosed prior to DNA analysis by using standard criteria for BMD and/or DMD in conjunction with highly elevated serum creatine kinase (CK) levels and typical dystrophic myopathic changes on muscle biopsy. These patients were classified as DMD or BMD according to their clinical features; (1) DMD (patients wheelchair-bound before the age of 12 years), (2) BMD (patients wheelchair-bound at a later age or not at all; wheelchair-bound patients surviving after the age of 30 even if they first became wheelchair-bound before the age of 12). Patients too young to be classified were excluded. The patients consisted of 20 DMD individuals and 18 BMD individuals. Of the 38 patients, 4 were regarded as having mental retardation, as their IQ's were below 70.
Methods.
The 14-kb DMD cDNA (Koenig et al., 1987) received from the American Type Culture Collection was subdivided and was made available as 6 subclones (1-2a, 2b-3, 4-5a, 5b-7, 8, 9-14) .
About 5 /~g of genomic DNA was digested with restriction enzyme HindlII (Takara Shuzo, Japan), electrophoresed in 0.6~ agarose gels and blotted onto Nylon filters (Hybond N; Amersham, U.K.) according to the methods of Southern (1975) . Following UV transillumination for 5 min, the filters were hybridized with the above six probes labeled by the multiprime labeling system and [a-32P]dCTP (3,000 Ci/mmol) from Amersham. The filters were washed in 2 • SSC, 0.1 o/ SDS /o for 20 min twice at room temperature and then in 0.1 x SSC, 0.1 ~o SDS for 20 min twice at 65~
Autoradiography was carried out at -80~ on Kodak X-ray film with two intensifying screens for 3-7 days. A list of the probes as well as the proposed order of detectable exon-containing fragments produced after digestion with HindIII is presented in Table 1 .
RESULTS
The 38 patients (18 BMD and 20 DMD individuals) were examined for intragenic deletions using all the cDNA probes. Fourteen unrelated patients showed deletions with at least one probe, and the deletion frequency was 36.8 ~. Nine of the 18 BMD patients (50 ~) and 5 of the 20 DMD patients (25 ~) had a deletion. The extent and location of the deletions relative to the exon-containing HindlII fragments and cDNA probes are schematically summarized in Table 1 .
The deletions detected by using the cDNAs existed unevenly throughout the DMD gene, and all deletions belonged to either of two deletion hot spots in the proximal region or the central region of the gene. No deletions were detected except probes 1-2a, 5b-7, and 8. The breakpoints of these deletions in DMD patients were distributed more heterogeneously than in BMD patients.
In BMD, all six patients who had deletions with probe 1-2a had both of the common ends of deleted exons and three other patients had the common 5' end with probe 5b-7. On the other hand, in DMD, both ends of deletions in probe 5b-7 and 8 were different. Only one DMD patient had a junctional fragment with probe 8. Results of probe 1-2a on 9 BMD and 6 DMD patients are shown in Fig. 1 , and those of probe 8 on 7 BMD and 6 DMD patients are shown in Fig.  2 .
Correlations between clinical features and presence or absence of deletion are shown in Tables 2 and 3 for DMD and BMD patients, respectively. As for family history, period of walking unaided, age in wheelchair, mental retardation and CK on admission, there was no clear discrimination between DMD patients with and without deletions. BMD patients with deletions became wheelchair-bound earlier, and their levels of CK tended to be higher, although the number of cases was not sufficient to allow us to conclude that this is generally the case. Other clinical manifestations had no significant difference between BMD patients with and without deletions.
Six BMD patients displayed apparently identical deletions in probe 1-2a, but presented somewhat different clinical courses (Table I) . In one case, for example, an affected boy became wheelchair-bound at age 11, whereas another affected boy carrying the same deletion has still not become wheelchair-bound even at the age of 24.
DISCUSSION
We described here a detailed analysis of deletions occurring in Becker and Duchenne muscular dystrophy patients of the Japanese population.
We have identified gene deletions in 36.8 ~ of unrelated cases of BMD (50 ~) and DMD (25~o), using cDNAs for the DMD gene. That value was very similar to 30-60~ values recently reported by other laboratories (Koenig et al., 1987; Burghes et al., 1987; Forrest et al., 1987 Forrest et al., , 1988 Hart et aL, 1989) , although the value in DMD was lower than the expected one.
All deletions of BMD and DMD could be detected in two hot spots, which was in agreement with previously published results (Koenig et al., 1987) .
One region in which deletions were detected frequently is near the 5' end of the gene corresponding to probe 1-2a and the other region detected by probe 5b-7 and probe 8 is located approximately 6 to 7 kb from the 5' end of the cDNA and is near the middle of the gene.
No deletions other than these three probes were detected, and there was no identical deletion pattern between BMD and DMD.
Although deletion spots are unevenly distributed throughout the DMD gene, even more striking is the fact that the deletion breakpoints in the probe 1-2a region are common to all of our Japanese BMD patients and the 5' end breakpoints in the probe 5b-7 region are also common to all. In DMD, deletions were detected only in probes 5b-7 and 8, and the deletions were very heterogeneous.
The same deletions detected in probe l-2a were also reported in Caucasian BMD patients (Koenig et al., 1989) , but deletions detected in Caucasian BMD patients are localized in several parts of probe 1-2a.
Our six BMD patients with the common breakpoints in probe 1-2a are unrelated, so this identified deletion might tend to occur especially in the Japanese BMD group. In contrast, the same deletion pattern detected by probes 5b-7 and 8 in our patients has been described in Caucasian BMD patients most frequently (Norman et al., 1989; Lindl6f et aL, 1989) , although not reported in DMD.
Since the positions of exon-intron borders and the distribution of the exons within the HindlII fragments detected by probe 1-2a to the proximal region of 10 have recently been published (Malhorta et aI., 1988; Baumbach et al., 1989; Koenig et al., 1989) , we were able to investigate the hypothesis that the phenotypic differences between BMD and DMD depend upon whether or not the translational reading frame is maintained. The deletions of 4.2 to 4.6 HindlII fragments in the probe 1-2a lead to apparent frame shift (Tables 1-4 ). This disruption of the open reading frame occurs at the extreme 5' end of the gene. The resulting BMD phenotype No cases had mental retardation.
could be explained by the additional change that might maintain the translational reading frame. On the other hand, the deletions detected by probes 5b-7 and 8 would not disrupt the mRNA reading frame, and most of the previous BMD reports of deletions in this central region also support the maintenance of the reading frame. The potential mechanism to compensate for the frame shift has been postulated as follows: in the 5' end of the DMD gene, translational reinitiation produces the partial functional dystrophin molecule or alternative mRNA splicing mechanism such as exon skipping and cryptic site utilization, and the presence of a secondary promoter downstream from the deletion can correct for a frame shift. As for DMD patients, it was predicted that three out of four patients would produce frame shift.
Interestingly, BMD patients bearing apparently identical deletions within the 5' end of the gene gave somewhat different clinical courses (Table 1) . This suggested that in addition to the deletion pattern, secondary factors such as individual genetic backgrounds should play an important role in deciding the disease phenotype.
In both BMD and DMD cases, we have found no difference in clinical severity between cases with deletions and without deletions.
Our study is the first to reveal the phenotypic difference of the deletion pattern between Japanese BMD and DMD, and especially in BMD patients, the common deletion around the 5' end of the gene has been observed. 
